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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: In the fabrication of casting post and core or inlay the line
angle of the cavity floor can be seen even when the internal axial walls are parallel or slightly
convergent. It is conceivable that more sighted distance will be required for internal axial
walls evaluation compared with external axial walls evaluation. The aim of the study is to
derive a practical and convenient method and data for the evaluation of the divergent angle
of internal axial walls.
Materials and methods: Through a scientific analysis, this study derived a practical and conve-
nient method and data for the evaluation of the divergent angle of internal axial walls. The
sighted distance between occlusal line angle and the cavity floor line angle at 30-cm distance
was calculated by an established formula and expressed in 6, 12, and 18 of internal axial
walls divergent angle respectively.
Results: Tables 1e3 show the value of sighted distance with cavities of 6, 12, and 18
tapering. Based on the data, if more divergent angle is prepared; more sighted distance will
be observed.
Conclusion: Compared with the teeth preparation of external axial wall in a single crown, the
sighted distance at 30-cm distance in the internal axial wall is 1.5  wider. More sighted dis-
tances are required to prevent undesired undercuts.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.rtment, Shin Kong Wu Ho-Su Memorial Hospital, Number 95, Wen Chang Road, Shih Lin District, Taipei
o.com.tw (C.-H. Hung).
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In the fabrication of fixed partial dentures, retention form
and resistance form are essential during tooth preparation.
The quality of a preparation that prevents the restoration
from becoming dislodged by forces parallel to the path of
withdrawal is known as retention form. Resistance form of
a tooth preparation overcomes lateral forces that are pro-
duced by eccentric contact in mastication or parafunctional
activity. Theoretically, maximum retention and resistance
are obtained if a crown preparation has parallel external
axial walls. However, it is impossible to prepare a tooth this
way and slight undercuts may be created. Jørgensen1 in
1955 reported that the retention of a cap with 10 of taper
was approximately half that of a cap with 5. Too small a
taper may lead to undesired undercuts; too large will no
longer be retentive. When we prepare a single crown, the
external axial walls are usually examined and judged by
visual evaluation to ensure there is no undercut, as pro-
posed by Shillingburg et al.2 Chang3 offered a scientific
method to evaluate the taper of external axial walls by
estimating the width and height of the prepared tooth. He
found that when the external axial wall was prepared with
6 taper, the sighted distance between the occlusal line
angle and the cervical margin at a 30-cm distance ranges
from 0.2 mm to 0.38 mm.
However, the judgment of the convergent angle of the
axial wall by estimating the above distance is not applicable
in the preparation of inlays and post-and-core, as we deal
with the internal axial walls instead of external axial walls.
Owing to the visual angle, the line angle of the cavity floor
can be seen even when the internal axial walls are parallel
or slightly convergent (Fig. 1). Thus, it could be assumed
that as compared with external axial walls, to ensure no
undesired undercuts, more sighted distance will be required
for internal axial wall evaluation. When inlay and cast post-
and-core were fabricated, 6e8 taper of internal axial walls
are necessary to ensure adequate retention. However, whenFigure 1 Visual evaluation of the presence of undercuts,
owing to the visual angle, the axial wall can be seen even when
the internal axial walls are parallel or slightly convergent.judged or verified with the naked eye, a dependable and
definite way to verify the appropriate internal wall diver-
gence will be very beneficial.
The aim of the study is to derive a practical and
convenient method and data for the evaluation of the
divergent angle of internal axial walls through scientific
analysis.
Materials and methods
When observers viewed the cavity of the inlay or post-and-
core with one eye, two lines, namely the occlusal line angle
and cavity floor line angle, were recognized (Fig. 2). The
distance between them increased as the axial wall diver-
gence increased. The prepared cavity of the inlay and
casting post-and-core was simulated by a trapezoid model
and observed at a 30-cm distance (Fig. 3). As shown in
Fig. 3, the true distance between the occlusal line angle
and the cavity floor line angle is X and sighted distance is X0
when observing at a 30-cm distance. The formula for the
calculation of X0 is:
X0Z
W Y
2
½1
where W is the width of occlusal cavity; Y is sighted length
of cavity floor in the occlusal level. When I is the width of
cavity floor, H is the depth of cavity and q is the angle of
taper. Through the trigonometric function, we can obtain
formulas as follows:
YZ
Ið300HÞÞ
300
½2
and
IZW 2Htan q
2
½3
Finally, the formula that calculates the sighted distance
is:
X0Z
W Y
2
½4
X0Z
W
2


W 2Htan q2

ð300HÞ
600
½5
According to this formula, in order to cover all the
clinical situation from inlay to post and core fabrication,
three different divergent angles, namely, 6, 12, and 18
with the cavity width from 1 mm to 10 mm and depth from
2 mm to 10 mm, were calculated to show the difference
and change in the width of sighted distance.
Results
Tables 1e3 show the value of sighted distance with cavities
of 6, 12, and 18 tapering. Based on the data, the more
divergent angle is prepared; the more sighted distance will
be observed. The sighted distance in the 12 group was
approximately twice that of the distance in the 6 group,
and sighted distance in the 18 group was approximately
threefold that of the distance in 6 group. The results were
Figure 2 When observers viewed the cavity of the inlay or post-and-core with one eye, two lines, namely the occlusal line angle
and cavity floor line angle, were recognized. Adequate sighted distance will be required for internal axial walls of tooth prepa-
ration to ensure no undesired undercuts: (A) casting post-and-core; (B) inlay. I Z cavity floor line angle; WZ occlusal line angle.
Clinical evaluation of internal axial wall divergence 203influenced by cavity depth and width, and all of them had a
positive relation. Depending on the different depth and
width of cavities in the tables, the taper we prepared could
be ascertained according to the difference in sightedFigure 3 The prepared cavity of inlay and casting post-and-
core was simulated by a trapezoid model and observed at a 30-
cm distance. q Z angle of taper; H Z depth of cavity;
I Z width of occlusal floor; W Z width of occlusal cavity;
X Z true distance between the occlusal line angle and the
cavity floor line angle; X0 Z sighted distance between the
occlusal line angle and the cavity floor line angle; YZ width in
the triangle formed by a visual angle in the occlusal table.distance. In similar depth and width, the larger sighted
distance indicated more divergent axial walls. For example,
as we can see in Table 3, when a inlay preparation of 3 mm
in width and 3 mm in depth, for internal axial wall diver-
gence of 6 and 12 the sighted distance will be 0.17 mm
and 0.33 mm respectively, and a preparation of post and
core is 2 mm in width and 10 mm in depth, the sighted
distance of 6 and 12 internal axial wall tapering is found
to be 0.54 mm and 10.5 mm in this table.Discussion
Evaluation of the divergent angle of internal axial walls of
inlays and casting post-and-core has not been well docu-
mented. Clinically, the presence of undercut and appro-
priate axial wall divergence could only be judged
empirically. In order to reduce undesired undercuts, more
tooth structure is always sacrificed, and the weakened
tooth is easily prone to fractures consequently. In this
study, a practical and convenient method was derived to
assess taper of internal axial wall scientifically. A 25-year
longitudinal study of single-unit metaleceramic crowns
indicated that corono-radicular and root fractures were the
causes for the majority (37.6%) of failure.4 Although many
factors could be the causes of the tooth fracture, the
weakened tooth structure is one of the most important
factors. Clinically, the divergent angle could be verified
scientifically according to this study and may decrease the
risk of tooth fracture.
On comparison with the external axial wall convergence,
in cases with the same depth and width, the sighted dis-
tance in internal axial wall is 1.5  wider. If a crown is 5 mm
in width and 5 mm in height, in Chang’s report3 the sighted
distance of external axial wall at 30-cm distance is 0.22 mm
in 6 tapering. However, if the inlay or the post cavity has
the same width and depth, the sighted distance will be
0.30 mm with the same 6 tapering. Therefore, more
sighted distance is required to ensure adequate taper in
cases with internal axial walls, such as that in inlay or post-
and-core preparation.
Table 1 Sighted distance between the prepared occlusal line angle and cavity floor line angle at a 30-cm distance with a 6
divergent angle of internal axial wall.
Depthy
width
(mm)
1 2 3 4 5 6 7 8 9 10
2 0.11 0.11 0.11 0.12 0.12 0.12 0.13 0.13 0.13 0.14
3 0.16 0.17 0.17 0.18 0.18 0.19 0.19 0.20 0.20 0.21
4 0.21 0.22 0.23 0.23 0.24 0.25 0.25 0.26 0.27 0.27
5 0.27 0.27 0.28 0.29 0.30 0.31 0.32 0.32 0.33 0.34
6 0.32 0.33 0.34 0.35 0.36 0.37 0.38 0.39 0.40 0.41
7 0.37 0.38 0.39 0.40 0.42 0.43 0.44 0.45 0.46 0.47
8 0.42 0.43 0.45 0.46 0.47 0.49 0.50 0.51 0.53 0.54
9 0.47 0.49 0.50 0.52 0.53 0.55 0.56 0.58 0.59 0.61
10 0.52 0.54 0.56 0.57 0.59 0.61 0.62 0.64 0.66 0.67
Table 2 Sighted distance between the prepared occlusal line angle and cavity floor line angle at a 30-cm distance with a 12
divergent angle of internal axial wall.
Depthywidth
(mm)
1 2 3 4 5 6 7 8 9 10
2 0.21 0.22 0.22 0.22 0.23 0.23 0.23 0.24 0.24 0.24
3 0.32 0.32 0.33 0.33 0.34 0.34 0.35 0.35 0.36 0.36
4 0.42 0.43 0.43 0.44 0.45 0.45 0.46 0.47 0.47 0.48
5 0.53 0.53 0.54 0.55 0.56 0.57 0.58 0.58 0.59 0.60
6 0.63 0.64 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72
7 0.73 0.74 0.75 0.77 0.78 0.79 0.80 0.81 0.82 0.84
8 0.83 0.85 0.86 0.87 0.89 0.90 0.91 0.93 0.94 0.95
9 0.93 0.95 0.96 0.98 0.99 1.01 1.02 1.04 1.05 1.07
10 1.03 1.05 1.07 1.08 1.10 1.12 1.13 1.15 1.17 1.18
Table 3 Sighted distance between the prepared occlusal line angle and cavity floor line angle at a 30-cm distance with an 18
divergent angle of internal axial wall.
Depthywidth
(mm)
1 2 3 4 5 6 7 8 9 10
2 0.32 0.32 0.32 0.33 0.33 0.33 0.34 0.34 0.34 0.35
3 0.48 0.48 0.49 0.49 0.50 0.50 0.51 0.51 0.52 0.52
4 0.63 0.64 0.64 0.65 0.66 0.66 0.67 0.68 0.68 0.69
5 0.79 0.79 0.80 0.81 0.82 0.83 0.84 0.84 0.85 0.86
6 0.94 0.95 0.96 0.97 0.98 0.99 1.00 1.01 1.02 1.03
7 1.09 1.11 1.12 1.13 1.14 1.15 1.16 1.18 1.19 1.20
8 1.25 1.26 1.27 1.29 1.30 1.31 1.33 1.34 1.35 1.37
9 1.40 1.41 1.43 1.44 1.46 1.47 1.49 1.50 1.52 1.53
10 1.55 1.56 1.58 1.60 1.61 1.63 1.65 1.66 1.68 1.70
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was 0. The formula changed to:
X0ZWH=600: ½6
Therefore, existence of sighted distance did not ensure
any undesired undercuts (Fig. 1). In order to prevent un-
desired undercuts in posts or inlays with divergent axial
walls, the larger sighted distance is required than in crown
preparations that have convergent external axial walls.The method is not only applicable in inlay or casting
post-and-core with internal axial walls, but also suitable in
the judgment of external axial walls in clinical situations,
such as bridges (Fig. 4). The tapering of the interproximal
axial walls of the bridge between adjacent abutments could
also be evaluated the same way. In preparation of a bridge
with even tapering of axial walls, the sighted distance
would be greater interproximally than in other surfaces.
In the limitation of this study, we offered a practical and
convenient method and data in the clinical evaluation of
Figure 4 (A) Clinical evaluation of the internal axial walls between adjacent abutments in fixed partial dentures at 30-cm dis-
tance; (B) in a preparation of bridge with even tapering of axial walls, the sighted distance would be greater interproximally than
in outer surface. Red arrows show the sighted distance in occlusal view between the occlusal line angle and the cervical margin.
(For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
Clinical evaluation of internal axial wall divergence 205internal axial walls, such as inlay, post-and-core, or bridge.
Compared with the teeth preparation of external axial
walls in a single crown, the sighted distance in internal
axial walls is 1.5 wider. More sighted distances are
required to prevent undesired undercuts. Dentists can
make a more accurate judgment without the risk of
engaging an undesired undercut clinically.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.References
1. Jørgensen KD. The relationship between retention and conver-
gence angle in cemented veneer crowns. Acta Odontol Scand
1955;13:35.
2. Shillingburg HT, Jacobi R, Brackett SE. Fundamentals of Tooth
Preparations for Cast Metal and Porcelain Restorations. Chi-
cago: Quintessence, 1987:35e6.
3. Chang CL, Hung CH. Clinical assessment of axial convergence
after tooth preparation. Chin Dent J 2002;21:109e19 [In Chi-
nese, English abstract].
4. Walton TR. The up to 25-year survival and clinical performance
of 2340 high gold-based metaleceramic single crowns. Int J
Prosthodont 2013;26:151e60.
